Purpose: Atrial fibrillation (AF) is an increasingly common rhythm disorder and an important risk factor of ischemic stroke, heart failure, hospitalization, and cardiovascular mortality. Its diagnosis, however, is often delayed because of silent character of the arrhythmia. The aim of the study was to identify independent determinants of AF in patients of the geriatric ward, so as to be able to propose a strategy for screening of this arrhythmia. Methods: Cross-sectional cohort study of patients admitted to the department of geriatrics was conducted. The prevalence of AF and its health correlates (including AF recognized risk factors) was assessed. Relative risks were calculated and multivariable logistic regression analysis model was built. The predictive performance was evaluated using receiver-operating characteristic (ROC) curve analysis. Results: There were 416 patients hospitalized in the study period and 98 (23.6%) presented with AF. The independent predictors with top 3 strongest association with AF were congestive heart failure (OR 5.43; 95%CI 3.14-9.39; P<0.001), age of 75+years (OR 4.0; 95% CI 1.43-11.2; P=0.008), and previous history of stroke or transient ischemic attack (OR 2.1; 95% CI 1.06-4.13; P=0.03). ROC analysis showed CHA2DS2-VASc scale significance as a screening tool for AF (ROC-AUC 0.75; 0.7-0.8; P<0.001), with the value of 4 or more as the best cut-off point. Conclusions: Based on CHA2DS2-VASc score the intensity of surveillance for AF at a primary prevention population level could be probably guided, but it requires further research. Keywords: atrial fibrillation screening, older people, risk factors and determinants, CHA2DS2-VASc score
Plain language summary
• Atrial fibrillation (AF) is the most frequent cardiac arrhythmia in old age, connected with the high risk of thromboembolic complications. Up to 40% of its cases are still undetected, without anticoagulant prophylaxis.
• More sensitive and specific screening strategies aimed at detecting AF for geriatric patients in primary care could allow to better target the health care system resources for screening purposes in this highly dependent and frail patients.
• The aim of the study was to identify the prevalence of AF and its determinants in patients hospitalized in a geriatric ward.
• We showed that congestive heart failure, history of stroke or transient ischemic attack, and age 75 years or above are the main independent predictors of AF in patients hospitalized in the geriatric ward.
Introduction
Atrial fibrillation (AF) is one of the most common rhythm disorders. Its prevalence in general adult population ranges between 1.5% and 2%; 1 however, it increases with age, and patients over 65 years old represent more than three-quarters of AF cases. 2 AF is connected with high thromboembolic risk and thromboembolic events complications, 3 increases the risk of heart failure and cardiovascular mortality, 4 leads to lower quality of life, greater activity impairment, increased odds of hospitalization, 5 cognitive decline, and mood disorders. 6, 7 The early diagnosis and anticoagulant treatment are crucial to limit the negative consequences of the arrhythmia, but a large proportion of older patients are not treated with oral anticoagulant medications. 8 Therefore, recent
European Society of Cardiology (ESC) Guidelines on management of AF highlight the role of early diagnosis of arrhythmia, which is often clinically silent. 9 Opportunistic screening for silent AF by pulse taking or ECG in patients over 65 years of age during routine medical visits is recommended. Moreover, systematic ECG screening of all patients over 75 years old, or at high risk of stroke, may be considered. This is often difficult to implement, as older patients in advanced age are often functionally impaired and not able to visit doctor's office. 10 Different approaches for AF screening are applied, using new, quite simple methods, like single-lead ECG, modified sphygmomanometers, finger-probe devices, and new organizational solutions. They can potentially enhance the detection of AF and overcome certain limitations of the conventional methods. 11, 12 However up to 40% of AF cases are still undetected. 13 Therefore, better actions targeted on screening AF should be sought, that would allow more effective exploitation of often poor health care system resources. It is important to indicate the most significant arrhythmia predictive factors. Screening should be directed primarily to this group. More sensitive and specific screening strategies for geriatric patients in primary care, aimed at detecting AF, could allow to better target the health care system resources for screening purposes in this highly dependent and frail group.
The aim of the study was to identify the prevalence of AF and its determinants in patients hospitalized in the geriatric ward.
Material and methods

Study design and setting
We developed the prospective cross-sectional study on older patients hospitalized in the Department of Geriatrics of the Hospital of the Ministry of Interior in Bialystok, Poland, primarily planned as the study on frailty, disability, and multimorbidity in geriatric inpatients. All consecutive patients admitted to the department for the first time between 1 September, 2014 and 30 April, 2015 were enrolled to the evaluation. The additional retrospective analysis of patients' medical records was performed.
The geriatric department is a sub-acute care ward, where older people with multimorbidity and physical and/or cognitive disability are admitted mainly in a planned manner. The average waiting time for admission to the ward is approximately 3 months and the mean length of stay is 7 days. A comprehensive geriatric assessment by the multidisciplinary team is performed during the patients' hospitalization. The above is intended to reduce polytherapy, to identify reasons of patients' functional decline, to diagnose their weight loss, recurrent falls or other geriatric syndromes they are suffered from, which usually -as they are defined as -are multifactorial and often co-exist with each other. Because of that identification of one single major illness as a reason for admission to the ward was not possible in the vast majority of cases.
Patients were interviewed using a structured questionnaire and following data were collected: the age, gender, form and place of residence, history of hospitalization in the last 12 months, comorbidities (of 14 chronic diseases: peripheral arterial disease, ischemic heart disease, chronic cardiac failure (CHF), myocardial infarction (MI), hypertension (HT), stroke, chronic obstructive pulmonary disease, diabetes/prediabetes, neoplasm, dementia, parkinsonism, chronic arthritis, osteoporosis, chronic renal disease), number and type of medications taken before hospitalization. And only those chronic conditions that were confirmed in some way, or newly detected during the current hospitalization, were included in the analysis. Information obtained from the patient was verified by an interview with his or her carer, by a thorough clinical examination, and by a review of all of the patient's 15 For self-reported level of physical activity, we used the 4-level Saltin-Grimby Physical Activity Level Scale (SGPALS). 16 Patients were classified as physically inactive (1st level of SGPALS), if during leisure-time they were mainly reading, watching television, using computers or doing other sedentary activities. Body mass index (BMI) was used to assess nutritional health, and patients with BMI ≥30 kg/m2 were classified as obese. Anemia was diagnosed if the hemoglobin level was below 8.69 mmol/L in men and below 7.45 mmol/L in women. CHA2DS2-VASc and HAS-BLED scores were calculated. HAS-BLED score≥3 was interpreted as the high risk of bleeding.
Statistical analysis
Data were collected and analyzed using IBM SPSS Version 18 Software suit (SPSS, Chicago, IL, USA) and STATISTICA 13.3 software package (TIBCO Software, Palo Alto, CA, USA), and presented as means and standard deviation for normally distributed and as medians and interquartile range for not normally distributed continuous variables, and the number of cases and percentage for categorical variables. Proportions were compared using χ2 tests, while Student's t-test for the independent samples and Mann-Whitney U test were used to compare measures of central tendency (means and medians). Relative risks (RRs) were calculated to evaluate the potential risk factors that might influence the prevalence of AF in geriatric inpatients. It was followed by a multivariable logistic regression including all predictors with a P-value of RR less than 0.1. The predictive performance of identified significant variables was evaluated using receiver-operating characteristic (ROC) curve analysis. In addition, the best cut-off to maximize sensitivity and specificity was calculated with its confidence interval (CI). A P-value of less than 0.05 was regarded as significant. Missing values were omitted and statistics in such cases were calculated for the adequately reduced groups. The study was approved by the Ethics Committee at Medical University of Bialystok (R-I-002/305/2013). All procedures performed in the study were in accordance with the ethical standards of the Medical University of Bialystok research committee and with the Helsinki declaration and its later amendments. Personal data were not identifiable during the analysis. Written informed consent was obtained from all patients enrolled in the study.
Results
A total of 416 patients aged 60+ years were enrolled into the study. AF was diagnosed in 98 patients (23.6% of study population). The characteristics of the study groups -with and without AF -are presented in Table 1 . The median age of AF participants (AF+ group) was 84 (IQR-84-87) years and non-AF participants (AF-group) -82 (IQR-76-86) years, P=0.002. Men constituted significantly higher percentage of AF group comparing to the non-AF group (31.6% versus 19.8%; P=0.01).
The percentage of patients reporting hospitalization in the last 12 months was significantly higher in the AF group. The number of chronic diseases in the whole population in our research was relatively high, with the median value of 4 (IQR-3-6), and it was significantly higher in the group with AF (Me-6, IQR-5-7 versus Me-4, IQR-3-5 in the control group, P<0.001). Multimorbidity was diagnosed in 87.8% of patients with AF and in 48.1% of the control group (P<0.001). Parallel to that a positive correlation was found between the presence of AF and polypharmacy. The number of drugs taken at admittance was high in both groups (Me 7, IQR-5-9), but statistically greater in those with AF (Me 8, IQR-6-10, P=0.004). Patients with AF significantly more often received antiarrhythmic, anticoagulants, and diuretics, especially loop diuretics and aldosteronereceptor antagonists. Anticoagulants were used solely by 58.2% of patients with AF, and antiplatelet medications by 26% of AF patients. The AF group was characterized also by significantly lower GFR values in comparison to the group without AF. The mean value of BMI in patients with AF rated 30.19±5.53 kg/m 2 and was similar to mean BMI value in the control group (28.98±6.08 kg/m 2 , P=0.44).
The thromboembolic risk evaluated with CHA2DS2-VASc scale was generally high in both groups; however, in patients with AF, the median score was significantly higher (Me 5; IQR-4-6 vs Me 3; IQR-3-4.5, P<0.001). The risk of bleeding assessed with HAS-BLED scale was also higher in patients with AF comparing to the control group. The hemoglobin level was similar in both groups, but anemia was significantly more often diagnosed within AF group (56.3% vs 39.9%, P=0.005).
The AF+ and AF-groups did not differ in place of residence, education, inability to walk outside the house, the Barthel Index and IADL-scale scores, BMI, obesity, percentages of patients using ACE-Is or ARBs, or thiazides, statins, antiplatelet drugs, prevalence of coronary artery disease, myocardial infarction, hypertension, COPD, thyroid dysfunction, smoking, and alcohol drinking. Our analyses revealed possible risk factors and determinants for AF ( Table 2 ). The most significant factors were congestive heart failure (risk ratio, 4.12; 95% CI, 2.8-6.1; P<0.001), peripheral arterial disease (risk ratio, 2.09; 95% CI, 1.5-3.0; P<0.001); age 75+ years (risk ratio, 3.51; 95% CI, 1.5-8.3; P=0.001), history of stroke or TIA (risk ratio, 1.86; 95% CI, 1.3-2.7; P=0.003), and chronic kidney disease (risk ratio, 1.71; 95% CI, 1.2-2.5; P=0.003). Male patients presented a 1.59-fold higher risk of AF (95% CI, 1.1-2.3; P=0.01), and patients with diabetes a 1.46-fold higher risk (95% CI, 1.0-2.1; P=0.04). The risk of AF was 1.56-fold higher (95% CI, 1.1-2.2; P=0.01) if the patient was physically inactive. No significant increase in the risk of AF was observed for such recognized risk factors as coronary artery disease, myocardial infarction, hypertension, COPD, thyroid dysfunction, obesity, smoking, and alcohol drinking.
In multivariable logistic regression analysis, an independent effect associated with the diagnosis of AF was observed among patients with the congestive heart failure (odds ratio, 5.42; 95% CI, 3.13-9.3; P<0.001), in the age of 75 years or older (odds ratio, 4.18; 95% CI, 1.49-11.7; P=0.007), or with the history of stroke or TIA (odds ratio, 2.15; 95% CI, 1.09-4.2; P=0.03), when controlling for peripheral arterial disease, diabetes, myocardial infarction, chronic kidney disease, and gender (Table 3) . We did not include CHA2DS2-VASc scale score in the model (as it was connected with the significant multicollinearity effect), and inactivity (as it should be treated as the result of AF and its co-morbidity rather in our study population, then the risk factor for AF).
ROC curve analysis was performed to test the predictive discrimination of patients with and without AF with the identified significant predictors of AF and CHA2DS2-VASc scale (Figure 1 and Table 4 ). The largest ROC area of 0.75 was obtained for CHA2DS2-VASc score, and we found the value 4.0 as the best cut-off value for CHA2DS2-VASc; it yielded the best combination of sensitivity (88.7%; 95% CI: 80.6-94.2) and specificity (50.5%; 95% CI: 44.8-56.1) for prediction of AF. The next largest ROC area of 0.72 was obtained for CHF, and it did not differ significantly from that for the CHA2DS2-VASc scale (difference between areas-0.03 ±0.02, P=0.19), but sensitivity of CHF was noticeably lower (72.4%; 95% CI: 62.5-81.0).
Discussion
A "growing epidemic" of AF is observed worldwide due to the aging of the populations, better survival in some diseases, and better detection of arrhythmias. 17 Our study has confirmed that AF is a very common arrhythmia among geriatric ward patients; it was found in 23% of Abbreviations: AF, atrial fibrillation; BMI, body mass index; CHF, congestive heart failure; CI, confidence interval; COPD, chronic obstructive pulmonary disease; n, number of cases; RR, relative risk; TIA, transient ischemic attack.
the group studied. It was more frequent in the population we examined than in the general population of older people, which resulted probably from the more frequent accumulation of recognized risk factors for AF in this group. 18 The majority of our patients were 75-year-old or older, very frequently burdened with hypertension, coronary artery disease, congestive heart failure, history of stroke or TIA, diabetes, and peripheral artery disease. The diagnosis of AF is often delayed. It is diagnosed more often when patients start to have symptoms and seek medical evaluation or incidentally, when they attend a health care setting for another reason. A high percentage of older patients diagnosed as having AF in screening studies had no attributable symptoms and were not aware to have AF. 19 Therefore, a clear need exists for an improvement in AF detection and diagnosis. This task is delegated primarily to the primary health care. Unfortunately, this can be difficult to perform in daily clinical practice due to the high prevalence of cognitive and functional impairment among patients in older age. Furthermore, it is complicated by paroxysmal or asymptomatic character of arrhythmia -socalled "silent AF". 20 A detailed screening is not always possible in all patients of the primary health care settings. The obstacles indicated include also organizational barriers, like the lack of time, staff, and capacity. 21 It is still not decided when, or how often, ECG/Holter ECG in the high-risk population should be done.
In our research, the most important predictor of AF was congestive heart failure (CHF). The ROC evaluation showed that of three single significant predictors of AF (the other two were advanced old age and previous history of stroke or TIA) only CHF showed a predictive value with satisfactory AUC. The relationship between AF and CHF can be bi-directional -CHF contributes to AF, but AF can also be a cause of exacerbation of CHF symptoms. For screening purpose, however, determining the direction of interaction is not so important. Advanced old age and previous history of stroke or TIA have been generally approved as the most important thromboembolic risk factors, and that was emphasized in the CHA2DS2-VASc scale -the assessed patient receives 2 points in case of each of them. 9 Considering the fact that variables correlating with AF arrhythmia are also important thromboembolic risk factors, we tried to evaluate the predictive value of the CHA2DS2-VASc scale as the whole. In the ROC analysis, the result obtained in this scale had the highest predictive ability, with the suggested cut-off being the score equal to or higher than 4 points. CHA2DS2-VASc scale score was confirmed to have a good predictive value in the prediction of new-onset AF occurrence, and the risk increased with increasing score points. 22 Other, recently carried out research showed that this scale can be applied to stroke prediction in persons without AF. 23 It is also useful in anticipating cardiovascular/cerebrovascular incidents occurrence in coronary artery disease patients without AF. 24 Considering the results of our research, it is worth to consider its use for the purpose of screening of AF. Although the ROC analysis revealed that both CHA2DS2-VASc and congestive heart failure diagnosis score can be used as predictive markers for AF in the studied group (AUC for both predictors did not differ significantly), the sensitivity of the value of 4 or more in was noticeable higher than of CHF (88.7% versus 72.4%). It is important from the point of view of the effect we would like to achieve as a result of screening. We should also remember that a significant part of CHF in older people is unrecognized. 25, 26 Echocardiography is not readily available in primary care, and particularly recognizing HF in the early stage is challenging. This largely limits the use of this variable as a reliable, single predictor of AF for screening purposes in primary care. CHA2DS2-VASc scale includes some variables, for which there are no diagnostic doubts (such as age, gender), and it could allow for a more precise selection of the population, which should be covered with AF screening at first. However, our study has got some limitations that should be considered. First of all, the evaluated group of patients was not a randomly selected sample. So the results must be treated with caution, as predictive abilities of analyzed variables, including CHA2DS2-VASc score, for the general population can differ. Some limitations result from partially retrospective character of the study conducted. As a result, we could not include all of the recognized AF risk factors listed in the guidelines (such as obstructive sleep apnea or valvular heart diseases) in our analysis. Information about their prevalence was not generally incorporated in patients' medical records. Another consequence of retrospective approach was also missing values in some variables (showed in the tables). It should be also mentioned that the diagnosis of AF was based mainly on ECG, and only in some cases on 24 hr ECG monitoring. Not every patient without AF in standard ECG was monitored with Holter ECG. It could possibly result in not recognizing all of the "silent" AF cases in hospitalized patients. In another study performed in the geriatric department in Saint Jan Hospital Bruges, AF screening leads to an overall prevalence of 46% in hospitalized patients (33% patients with AF identified by routine clinical care and 13% with daily short-term rhythm strip Note: *1 means that characteristic is present (opposite to 0 -absent).
Abbreviations: AF, atrial fibrillation; AUC, under individual roc curves, CHF, congestive heart failure; CI, confidence interval; ROC, receiver operator characteristic; TIA, transient ischemic attack.
